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SUl\1J\:IARY 
Phosphorus in organic combinations makes up as much as half 
or more of the total phosphorus found ill the surface layers of 
Iowa soils, and hence might be expected to furnish a significant 
proportion of the phosphorus used by crops. Since little was 
known about the relative amounts of different organic phosphorus 
compounds present, the conditions under which these compounds 
are stabilized in the soil, and the mineralization of soil organic 
phosphorus compounds, these problems formed the subject of the 
present investigations. 
It was found that phytin and its derivatives, with the exception 
of the monophosphate, can be separated from nucleic acid by their 
precipitation as calcium salts under alkaline conditions. The organic 
phosphorus in alkali extracts of soils is separated into two frac-
tions by this procedure. A major part of the soil organic phosphorus 
behaved like phytin in that it was precipitated by calcium, and the 
remainder behaved like nucleic acid in that it remained soluble. 
Dephosphorylation tests with alkaline sodium hypobromite and 
with enzymes from corn roots and wheat bran showed that the 
soil fractions behaved like phytin and nucleic acid, respectively. 
The availability of added phytin and phytin derivatives to oats 
in pot culture was lower in strongly acid soils than it was in neutral 
or slightly alkaline soils. The coefficient of correlation between per-
centage base saturation of the soils and the recovery of phytin 
phosphorus was +0.95. The percentage recovery of phytin and 
phytin derivatives by oats was very low in acid soils. Only in a 
slightly alkaline Webster loam soil (pH 7.4) was there any sub-
stantial recovery of phytin and phytin derivatives by the oats. 
In this soil the recovery of added phosphorus was 9.2, 24.4 and 
29.8 percent for equivalent quantities of phosphorus added as 
phytin, phytin derivatives and monocalcium phosphate, respectively. 
The fixation of added phytin was greater in strongly acid soils 
than it was in neutral or alkaline soils when fixation was determined 
by dilute acid extraction. There was an inverse relationship between 
the amount of phytin fixed and the recovery of added phytin phos-
phorus by oats. The average percentage fixation of added inorganic 
phosphate by the various soils was only 15.6 as compared with 
92.4 and 74.9 for phytin and phytin derivatives, respectively. 
The rate of dephosphorylation of added nucleic acid was lower 
in strongly acid soils than it was in soils having a pH value of 
5.5 or higher. 
Guanine nucleotide and nucleic acid were adsorbed by kaolin 
and bentonite clays at reactions more acid than pH 5.6 and pH 6.5, 
respectively. The adsorption increased with increasing acidity. 
Nucleic acid was more strongly adsorbed than was guanine nucleo-
tide. Yeast nucleoprotein was completely adsorbed over the reaction 
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range of pH 2 to pH 7. Bentonite was more active in adsorption 
than was an equal weight of kaolin. 
The rate of dephosphorylation of guanine nucleotide, nucleic acid 
and yeast nucleoprotein by nuclease enzyme was greatly decreased 
by the presence of kaolin and bentonite. The effect of the clays on 
dephosphorylation was greatest for nucleoprotein and least for 
guanine nucleotide. The effect of the clays on dephosphorylation 
was not the result of concomitant adsorption and inactivation of 
the enzyme because the decrease in enzyme activity resulting from 
contact with bentonite was much smaller than was the decrease in 
dephosphorylation in the presence of bentonite. 
Direct evidence was obtained for the mineralization of soil 
organic phosphorus during incubation. Mineralization was deter-
mined by measuring the increase in acid-soluble phosphorus and 
was checked by measuring the decrease in organic phosphorus. 
The amount of phosphorus mineralized was greater at 35° C. than 
it was at 25° C. In 10 pairs of soil samples from virgin and ad-
jacent cultivated areas the average mineralization of phosphorus 
during 30 days' incubation at 35° C. was 38.7 p.p.m. in the virgin 
soils and 11 p.p.m. in the cultivated soils. 
Studies on the Forms and Availability 
of Soil Organic Pho,sphorus 1 
By C. A. BOWER2 
It has been established that a considerable part of the phos-
phorus in soils may occur in organic forms (21, 24, 30). Owing 
to its complex nature, however, the organic fraction of soil phos-
phorus has been studied much less than has the inorganic fraction. 
Consequently only meager information is available regarding the 
forms of organic phosphorus present in soils and their availability 
to plants. 
As much as half or more of the phosphorus in the surface layers 
of most Iowa soils occurs in organic combination (24). Many of 
these soils contain low amounts of soluble inorganic phosphorus as 
determined by chemical methods (8, 33) j yet, as compared with 
soils of eastern United States, they continue to produce high yields 
of crops with relatively little phosphorus fertilization. Moreover, 
the response of many Iowa soils to phosphorus fertilization is not 
as large as would be expected from the results of present laboratory 
methods for determining "readily-available" or "easily-soluble" 
inorganic phosphorus. It appears probable, therefore, that organic 
phosphorus compounds may be providing a substantial part of the 
phosphorus utilized by crops on many Iowa soils, and that this 
may explain in part the lack of satisfactory agreement between the 
"easily-soluble" inorganic phosphorus content of these soils and 
their response to phosphate fertilization. 
Because of the probable importance of organic phosphorus in the 
phosphorus economy of Iowa soils, this fraction of soil phosphorus 
has been the subject of investigation at this station for several 
years. Previous investigations have dealt with the total amount 
of organic phosphorus present (24), the availability of organic 
phosphorus compounds to plants grown in culture solution (28, 29), 
the decomposition of organic phosphorus compounds added to soil 
(25, 27), and the isolation of phytin and its derivatives from soils 
( 7). The purpose of this bulletin is to report the results of further 
studies on the fractionation of soil organic phosphorus, the fixation 
and availability of phytin and its derivatives in different soils, the 
stabilization of nucleic acid materials by reaction with clays, and 
the mineralization of soil organic phosphorus. Although these 
IProject 617 of tb. Iown .\griclllturnl Experiment Stntion. 
2Formerly reseur!.'h ns~h:tnllt professor of soils. lown Sture Collt'g't", no\\' 1'.oil 
lH'icntist, U. S. R~giollnl Salinity I~nhoratorYI Riverside, Ca1iforuiR. 
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studies must be regarded as preliminary in nature, the data that 
have been obtained are of considerable significance in establishing 
the importance of soil organic phosphorus and in emphasizing the 
scope of the problem and the need of further investigation. 
METHODS AND MATERIALS 
Inorganic phosphorus was determined by the method of Truog 
and Meyer (34), modified in that an Evelyn photoelectric colorim-
eter was used to measure color intensity. Total organic phos-
phorus in soils was determined by the method of Pearson (23). In 
determining total phosphorus the solution or extract was evaporated 
to dryness with 2 ml. of 10 percent magnesium nitrate solution, 
ignited over a burner, then taken up in 1 N sulfuric acid and 
inorganic phosphorus determined in the usual manner. Organic 
phosphorus content was obtained by subtracting inorganic phos-
phorus content from total phosphorus content. The method of 
Gieseking, et a1. (13), was used in ashing plant samples for phos-
phorus analysis. The inositol: phosphorus ratio of phytin and phytin 
derivatives was determined in the manner previously described by 
the writer (7). 
A glass electrode was used in making pH determinations. In 
soil determinations a 1: 2.5 soil-water ratio was employed. Exchange-
able bases were extracted from soils with neutral 1 N ammonium 
acetate and determined by titration with standard acid after evap-
oration and ignition of the ammonium acetate extract. Exchange-
able hydrogen was determined by the method of Parker (22). In 
calculating percentage base saturation of soils, the sum of exchange-
able bases and hydrogen was considered to be the total exchange 
capacity. 
Commercial calcium phytate was purified by the technique em-
ployed by Boutwell (6) . The resulting product contained 21.4 
percent phosphorus, all in organic form, and had an inositol: phos-
phorus ratio of 0.998 as compared with the theoretical ratio in 
phytin of 0.968. In the preparation of phytin derivatives, about 
5 gms. of the purified calcium phytate were first dissolved in 3 
N hydrochloric acid. The calcium in the solution was then pre-
cipitated by adding a very slight excess of oxalic acid and adjust-
ing the pH value to 4.5 with ammonium hydroxide. After the 
calcium oxalate had been removed by filtration, 100 ml. of a fresh 
1: 10 water extract of wheat bran was added, and the solution 
was allowed to stand in a warm place for 6 days, at the end of 
which time one-half of the phytin phosphorus had been released 
to the inorganic form by the action of the phytase enzyme con-
tained in the bran extract. The solution then contained phytin 
derivatives as well as inositol and inorganic phosphorus. The inor-
ganic phosphorus was removed from the solution by filtration 
ilfter precipitation as ammonium phosphomolybdate in dilute nitric 
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acid solution. Several grams of calcium nitrate were added to the 
filtrate, and the solution was made slightly alkaline by the addition 
of 10 percent sodium hydroxide solution. Under these conditions 
the calcium salts of phytin derivatives other than inositol mono-
phosphate were precipitated. The precipitate was filtered off, washed 
with 95 percent alcohol and then air-dried. This precipitate con-
tained 10.8 percent phosphorus, all in organic form, and had an 
inositol:phosphorus ratio of 1.90. Solutions of phytin and phytin 
derivatives were made by dissolving the material in a small amount 
of 1 percent hydrochloric acid and then adjusting the reaction to 
pH 3-4 by the addition of dilute sodium hydroxide solution. 
The nucleic acid used was the commercial product obtained from 
yeast. Guanine nucleotide was prepared from the yeast nucleic 
acid by the method of Levene and Bass (19), and nucleoprotein 
was prepared from fresh yeast according to the method of Hawk 
and Bergeim (15). Solutions of nucleic acid and guanine nucleotide 
were prepared by dissolving the material in a small amount of 
0.1 N sodium hydroxide and then neutralizing by the addition of 
hydrochloric acid. Suspensions of nucleoprotein were prepared by 
dispersing in 0.01 N sodium hydroxide .. 
The kaolin used was from Bath, South Carolina. It was obtained 
from the R. T. Vanderbilt Co., Inc., New York, under the trade 
name of Peerless No.1 clay. The bentonite used was from Wyoming. 
It was obtained from the American Colloid Co., Chicago, under the 
trade name of Volclay. Particles having an effective diameter less 
than 2 microns were used. They were separated by sedimentation 
and were saturated with hydrogen by electrodialysis. 
FORMS OF ORGANIC PHOSPHORUS IN SOILS 
Because soil organic phosphorus originates from higher and 
lower plants, it is probable that the organic phosphorus compounds 
present in plants together with their decomposition products make 
up the bulk of that found in soils. According to Gartner (14), three 
principal types of organic phosphorus compounds are known to 
occur in plants. These are nucleic acids, phytin and phospholipids. 
Nucleic acids, which combine with proteins to form nucleopro-
teins, are important constituents of the cell and are therefore of 
general occurrence in plants. These acids are complex compounds, 
the exact chemical configurations of which are not known. It is 
known, however, that they are formed by the union of several 
nucleotides and that a nucleotide is made up of either a purine or 
pyrimidine base, a carbohydrate and phosphoric acid. Nucleic 
acids react with hydroxides to form salts. Under acid conditions 
they exhibit some basic properties owing to the presence of the 
purine and pyrimidine bases (19). 
All the constituent parts of nucleic acids, including nitrogen bases. 
carbohydrates and phosphoric acid, have been obtained upon acid 
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hydrolysis of soil organic phosphorus preparations (5, 31, 36, 37). 
Owing to the difficulties encountered in isolating these constituents 
quantitatively, the extent to which this type of compound occurs in 
soils is not definitely known, although it is probable that it makes 
up a considerable fraction of soil organic phosphorus. 
Phytin3, in which six molecules of H;:P04 are combined with 
inositol as inositol hexaphosphoric acid, occurs in considerable 
amounts in most plants, especially in the seeds. Anderson (3 ) 
has shown that the partial dephosphorylation of phytin by the 
enzyme phytase yields derivatives such as inositol triphosphate and 
inositol monophosphate. 
Studies conducted in recent years have definitely established 
the presence of various inositol phosphates in soils. Yoshida (38) 
obtained inositol and phosphoric acid upon acid hydrolysis of soil 
organic phosphorus preparations, and Dyer, et al. (11), found that 
a part of' the organic phosphorus in a podzol soil was precipitated 
as a ferric salt having a phosphorus-iron ratio corresponding to 
that of ferric phytate. The writer (7) likewise found that a part 
of the organic phosphorus in soils could be precipitated as a ferric 
salt, and showed by determining the inositol-phosphorus ratio of the 
precipitate that the organic phosphorus so isolated was an inositol 
hexaphosphate. It was found also that additional organic phos-
phorus in the filtrate from the ferric phytate precipitate could be 
precipitated as a calcium salt under alkaline conditions. Deter-
minations of the inositol-phosphorus ratios of the calcium salts 
showed that the organic phosphorus so precipitated consisted of 
phytin derivatives having a composition corresponding most closely 
to that of inositol triphosphate. 
The phospholipids, an example of which is lecithin, are essential 
constituents of cells. The phospholipids are soluble in ether, and 
this extractant has been used to determine the amount of phos-
pholipid-phosphorus present in soils. The results of such studies 
(32, 37) have shown that phospholipids comprise only a very small 
proportion of the total soil organic phosphorus. 
The available evidence, therefore, indicates that phytin and its 
derivatives, along with nucleic acid-like compounds, are the prin-
cipal types of organic phosphorus compounds occurring in soils. 
EXPERIMENTAL 
Although detailed studies on the separation and identification 
of various organic phosphorus compounds extracted from soils have 
given valuable data as to the forms present, the methods that have 
been used are not strictly quantitative and are too tedious for 
general use. Since inositol phosphates and nucleic acid-like com-
pounds appear to be the principal forms of soil organic phosphorus, 
~Tn fI Ktl'iet f'en:o;c phytin is the cnlcium-magnpsium !'=.alt of illm3itol lwxaJlhosphol'i(~ 
add. The Ufoie of the ft~rJl1 iN l;roanened in this bulletin to incluue flny inositol 
Ile:<nphoHphat(l'. 
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studies were conducted to determine if an approximately quantitative 
fractionation of these two forms could be made by a rather straight-
forward method. 
Phytin and its derivatives, with the exception of inositol mono-
phosphate, form insoluble salts with calcium and barium under 
alkaline conditions (1). Preliminary tests were made to determine 
. if these phosphates could be quantitatively separated from nucleic 
acid and nucleotides by precipitating them as their calcium or 
barium salts. Solutions of phytin, phytin derivatives, nucleic 
acid and guanine nucleotide, each containing 10 p.p.m. of organic 
phosphorus, were prepared. To 100 ml. of each solution were added 
10 ml. of 0.04 N calcium hydroxide or 4 m!. of 0.1 N barium hy-
droxide. After the solutions had stood overnight for any precipita-
tion to occur, they were filtered and the organic phosphorus content 
of the filtrate was determined. It was found that under the above 
conditions 95 percent or more of the phytin and its derivatives 
were precipitated by calcium hydroxide whereas the nucleic acid 
and guanine nucleotide remained soluble. Barium hydroxide pre-
cipitated the phytin and its derivatives quantitatively, but also 
precipitated a portion of the nucleic acid and guanine nucleotide. 
Barium hydroxide is therefore not suitable for the separation of 
the two types of organic phosphorus compounds. 
In view of the favorable results obtained with calcium hydroxide, 
the above technique for separating the two forms of phosphorus 
was next applied to solutions of soil organic phosphorus. The organic 
phosphorus was extracted from the 0-6-inch layer of a Carrington 
silt loam and of a Webster silt loam, and from the 0-2-inch layer 
of a virgin Fayette silt loam by a method similar to that employed 
by Yoshida (38). 
One hundred gm. of air-dry soil were placed on a Buchner funnel 
and leached with 1 percent hydrochloric acid solution until the ex-
changeable calcium had been removed. The acid-washed soil was 
then digested in 1,000 ml. of 2 percent sodium hydroxide solution 
at 85-90° C. for 4 hours. After the soil had been filtered off, the 
hydrochloric acid washings were added to the sodium hydroxide 
extract, and the resulting mixture was adjusted to a pH value of 
2.5 by the addition of more hydrochloric acid. The organic matter 
that precipitated was flocculated by warming and was then filtered 
off. In agreement with the data of Yoshida (38), over 95 percent 
of the extracted organic phosphorus passed into the filtrate. The 
filtrate, which was essentially free of organic matter, was adjusted 
to neutrality with sodium hydroxide solution, and was diluted 
to a volume of 2,000 m1. 
Three 100-ml. aliquots were taken from each soil extract. A known 
amount of nucleic acid was added to one aliquot. Another aliquot 
received a known amount of phytin, and the third aliquot served as 
a control. Ten m1. of 0.04 N calcium hydroxide solution were then 
TABLE 1. SEPARATION OF PHYTIN AND NUCLEIC ACID ADDED TO SOIL EXTRACTS BY PRECIPITATING THE PHYTIN WITH 
CALCIUM. 
---- ------ -- - --- -----
---
I Calcium precipitate I Filtrate 
Organic 
I 
Organic 
I 
Recovery of 
I 
Organic 
I 
Recovery of 
Test solution ph~~~drus phosphorus added phosphorus phosphorus added phosphorus found found 
Carrington soil extract: 
mgm. mgm mgm. percent mgm~ mgm. percent 
Extract alone . .................. _ ........... O.IlO 1.35 0.42 
Extract t phytin ............................ 1.10 2.43 1.08 98.3 0.42 0.00 0.0 
E~tract nucleic acid. . . .. . ................ 0.98 1. 33 -0.02 -2.0 1.41 0.99 100.8 
Fat~i~~~~~I~~~n~~: ............................ 1 0.00 
I 
1.33 I I I 
0.27 
I Extract =1= phytin ............................ 1.10 2.42 1.09 99.3 0.28 0.01 0.9 Extract nucleic acid . ...................... 0.98 1. 36 0.03 3.1 1.27 1.00 102.0 
Webster soil extract: I 
0.00 
I 
0.93 
I I I 
0.46 
I ~~~;;~i t;hYti;,·.·. '. : : : : : : : : : . : : : : . : : : : : : : : : : I 1.10 2.07 1. 14 103: .5 0.46 0.00 0.0 Extract nucleic acid . ....................... 0.98 0.92 -0.01 -1.0 1.43 0.97 98.9 
~ 
-'I 
o 
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added to each aliquot. After the samples had stood overnight, the 
calcium precipitates were filtered off and then were dissolved in 
100 ml. of 1 N hydrochloric acid. The organic phosphorus con-
tent of the precipitates and of the filtrates was determined. 
In table 1 are given the amounts of soil organic phosphorus 
taken, the amounts of phosphorus added as nucleic acid and phytin 
and the amounts found in the filtrates and calcium precipitates. 
In agreement with preliminary tests, the added phytin and 
nucleic acid were quantitatively recovered in the calcium pre-
cipitates and filtrates, respectively. The organic phosphorus in 
the soil extracts also was separated into two fractions by the addi-
tion of calcium hydroxide. A major part of the organic phos-
phorus in the soil extracts behaved like phytin in that it was pre-
cipitated by calcium hydroxide, and the remaining fraction was 
similar to nucleic acid in that it passed into the filtrate. 
The fractions of soil organic phosphorus obtained in the cal-
cium precipitates and in the filtrates were further characterized 
by comparing their rates of dephosphorylation by various enzymes 
and sodium hypobromite with the behavior of authentic phytin 
and nucleic acid under similar conditions. Dephosphorylation tests 
were conducted with phosphatase enzymes found on corn roots and 
with those contained in a 1: 10 water extract of wheat bran. Rogers, 
et al. (28, 29), have shown that sloughed-off cellular material coat-
ing the roots of com and tomato plants contains hydrolytic enzymes 
that dephosphorylate nucleic acids but not phytin, whereas the en-
zymes contained in an extract of wheat bran dephosphorylate both 
compounds (36). To obtain a source of corn roots, plants were 
grown in culture solution as described by Rogers, et al. (28). Fresh 
solutions of the two fractions of organic phosphorus were obtained 
from the soils in the manner described previously. The solutions 
of the two fractions of soil organic phosphorus were adjusted to 
an organic phosphorus concentration of about 11-13 p.p.m. and a 
pH value of 6.3. Similar solutions of phytin and nucleic acid were 
included in the tests for comparative purposes. Tests with corn 
roots were conducted using the technique of Rogers, et al. (29). 
Four large excised corn roots were suspended in test tubes contain-
ing 15 ml. of solution. In tests with wheat bran extract, 1 ml. of 
a 1: 10 water extract of the bran was added to 15 ml. of solution 
in a test tube. A few drops of toluene were added to all tubes as 
an antiseptic, and adequate controls with water were included in 
each test. Dephosphorylation was determined by the decrease in 
organic phosphorus concentration of the solutions upon incubation 
at 25° C. for 18 hours. 
In table 2 are given the initial and final concentrations of 
organic phosphorus in the various solutions, and the percentage 
dephosphorylation. The data show that phytin and the fractions 
of soil organic phosphorus precipitated by calcium hydroxide were 
TABLE 2. DEPHOSPHORYLATION OF ORGANIC PHOSPHORUS BY PHOSPHATASE ENZYMES FOUND ON EXCISED CORN ROOTS 
AND IN WHEAT BRAN EXTRACT. 
E"cised com roots Wheat bran extract 
Organic l?hosphorus Dephosphorylation Organic phosphorus Dephosphorylation 
of 
I I 
of 
After organic After organic 
Initial 18 haurs phosphorus Initial 18 hours phosphoru, 
p.p.m. p.p.m. p.p.m. percent p.p.m. p.p.m. p.p.m. percent 
Fraction precipitated by calcium hydroxide: I 
Carrington soil ................................ 13.3 13.3 0.2 1.5 13.5 . 2.0 ll.S 85.3 
F ayeUe soil .................................. 11. 3 ll.o -{).2 -1.7 ll.3 1.7 9.6 85.0 
Webster soil .................................. 11.5 11.3 0.2 1.7 ll.5 1.7 9.8 85.2 
Pbytin ......................................... 10.5 , 10.1 0.4 3.8 10.5 1.3 9.2 87.6 
Fraction found in filtrate: 
Carrington <oil ................................ '1 12.1' 8.0 4.5 36.0 12 5 3.2 9.3 74.4 
~\',;;,e;t~ ss~lc::: :::: :: :: ::::: ::::: ::: :: :: : : : : 13.3 7.3 6.0 H.I 13.3 3.9 9..l 70. i 12.2 4.8 7.4 60.6 12 2 2.9 9.3 76.2 
X ucleic acid ....... ............................. 10.0 2.0 8.0 80.0 10.0 2 3 7.7 77.0 
~ 
-I 
t.:l 
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TABLE 3. DEPHOSPHORYLATION OF ORGANIC PHOSPHORUS BY 
ALKALINE SODIUM HYPOBROMITE. 
Test solution I Org'anic phosphorus Dephosphorylation 
I of organic Initial I Final phosphorus 
---------------------------- ------:------------
ppm I ppm [l.p.m. percent 
;,,'5' I ;3'.5' 0.0 0.0 
11.., 11.3 0.0 00 
11.5 11 ~ O. I 0.9 
10.5 10.0 0.5 4.7 
Fradion precipitated by calcium hydroxide: 
Carnngton soil. . " ...... " .......... . 
Fayette soil. ......................... . 
Webster soil ................ . 
Phytin .................................. . 
Fraction found in filtrate: 
Carrington soil. .... " . .. . . .. . . . . .. . . . . 12 . .i 
Fayette soil. ... " .. .. . .. . . . . . . . . . . . . . . . . . . . 13 . 3 
Webster soil... ............................ 12.2 
Nucleic acid. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 . 0 
8 7 
9.0 
8.5 
7.0 
3.8 
4.3 
3.7 
3.0 
30.4 
32.3 
30.3 
30.0 
not appreciably dephosphorylated by the phosphatase of corn roots, 
whereas nucleic acid and the soil fractions that passed into the 
filtrate from the calcium hydroxide precipitation were readily de-
phosphorylated. The wheat bran extract, which contains phytase 
as well as nuclease enzymes, dephosphorylated 70-85 percent of 
the phosphorus in all solutions. 
Wrenshall and Dyer (36) have shown that phytin is not appre-
ciably decomposed when treated with alkaline sodium hypobromite. 
The stability of the variolls soil fractions toward dephosphorylation 
by alkaline sodium hypobromite was therefore compared with that 
of authentic phytin and nucleic acid. To 15 ml. of the test solution 
in a beaker were added 5 m!. of saturated bromine water and 5 ml. 
of 10 percent sodium hydroxide solution. After the solutions had 
been heated on a steam plate at 85-90° C. for 2 hours, they were 
acidified with hydrochloric acid and were boiled to expel excess 
bromine. Dephosphorylation was determined by the decrease in 
organic phosphorus concentration upon treatment. 
In table 3 are given the initial and final organic phosphorus con-
centrations, and the percentage dephosphorylation. The results of 
these tests show that the phytin and the soil fractions precipitated 
by Ca(OHb were not appreciably dephosphorylated, whereas 25-30 
percent of the phosphorus in nucleic acid and the other soil fraction 
was released by the sodium hypobromite treatment. 
DISCUSSION 
The available evidence indicates that the principal forms of 
organic phosphorus found in soils are phytin and its derivatives, and 
nucleic acid-like compounds. It has been shown that small amounts 
of these two forms of phosphorus can be quantitatively separated 
by precipitating the former with calcium hydroxide. When calcium 
hydroxide solution is added to extracts containing soil organic phos-
phorus, a part of the organic phosphorus is precipitated, whereas 
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the remall1lllg fraction passes into the filtrate. The fraction pre-
cipitated by calcium hydroxide is readily dephosphorylated by bran 
extract, which contains the phytase enzyme, but not by cum roots, 
which are free of phytase. On the other hand, the fraction which 
passes into the filtrate is markedly dephosphorylated by bran extract 
and corn roots, both of which contain the nuclease enzyme. The 
susceptibility of the two fractions to dephosphorylation by alkaline 
sodium hypobromite also differs, the precipitated fraction being 
highly resistant like phytin. The other fraction is dephosphorylated 
to about the same extent as nucleic acid. 
Although the amounts of organic phosphorus obtained in the 
two fractions were not sufficient to permit isolation and' positive 
identification of the compounds present, the behavior of the two 
fractions as regards dephosphorylation by various enzymes and 
sodium hypobromite strongly indicates that the precipitated frac-
tion consists essentially of phytin and its derivatives, whereas the 
fraction in the filtrate contains nucleic acid forms. The fact that 
phytin and its derivatives' have previously been isolated from the 
soils studied (7) together with the evidence that these compounds 
along with nucleic acid-like compounds constitute the bulk of soil 
organic phosphorus further supports this view. . 
It should be pointed out that any inositol monophosphate present 
in the soil extracts would pass into the filtrate and not be separated 
since according to Anderson (1) this derivative does not form 
an insoluble calcium salt. The investigations of Yoshida (38) and 
the writer (7), however, indicate that little if any inositol mono-
phosphate occurs in soils. 
THE AVAILABILITY AND FIXATION OF PHOSPHORUS 
ADDED TO SOILS AS PHYTIN AND ITS DERIVATIVES 
Since phytin and its derivatives have been shown to be an 
important form of soil organic phosphorus (7), the question arises 
as to their availability to plants under different soil conditions. A 
number of investigators have studied the availability of phytin 
phosphorus to plants in solution, sand and soil cultures. Rogers, 
et al. (28), using corn and tomatoes, and Weissflog and Mengdehl 
(35), using corn, found in solution culture studies that phytin was 
readily absorbed directly by these plants. Heck and Whiting (17), 
working with oats and clover, and Neubauer (20), working with 
rye, found that phytin phosphorus was quite available to these 
crops in sand cultures. In sand plus soil culture, however, Neubauer 
found that phytin phosphorus was not taken up by rye. Bertramson 
and Stephenson (4) found that added phytin phosphorus was not 
utilized to any appreciable extent by tomatoes grown in acid soils. 
Conrad (9) found that" phytin phosphorus was as available as an 
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equivalent amount of phosphorus as monocalcium phosphate sup-
plied to milo in neutral Yolo soil, but was practically unavailable 
in Aiken soil having a pH value of 5.8. As far as the writer is 
aware, no previous availability studies using soils have been made 
of the phosphorus in any of the phytin derivatives. 
Wrenshall and Dyer (36) have pointed out that phytin forms 
insoluble ferric iron and aluminum salts, and have shown that 
such salts are highly resistant to dephosphorylation by the phytase 
enzyme. They suggest that the availability of phytin phosphorus to 
plants in acid soils is low because of its fixation by ferric iron and 
aluminum. Anderson (2), who has characteriied inositol triphos-
phate, states that this derivative of phytin does not form insoluble 
salts with ferric iron and aluminum. On this basis, the availability 
in soils of the phosphorus in such phytin derivatives as inositol 
triphosphate might therefore be expected to be greater than that 
of phytin phosphorus. 
The purpose of this phase of the investigation was ( 1) to 
determine the availability to oats of phosphorus added as phytin 
and phytin derivatives to several Iowa soils having a wide range 
in pH value and (2) to study by chemical means the fixation of 
these organic phosphates when added to soils. The availability and 
fixation of monocalcium phosphate served as a standard for com~ 
parison. 
EXPERIMENTAL 
AVAILABILITY STUDIES 
The pH value and percentage base saturation of the soils used 
are given in table 4. In studying the availability of the phos-
phorus in the various phosphates, the increase in growth and 
amount of phosphorus absorbed by oats upon addition of the 
phosphate to soil was determined. The oats were grown in l-quart-
capacity, glazed pots containing 1,000 gm. of soil. The three repli-
cates of each treatment were arranged in randomized blocks. In 
the first experiment the oats were planted on Sept. 19, 1943, and 
in the second experiment they were planted on Jan. 5, 1944. In 
TABLE 4. PERCENTAGE BASE SATURA'fION AND pH VALUE OF SOILS 
USED IN PHYTIN A V AILADILITY AND FIXATION EXPERIMENTS. 
Percentage 
Soil No. Soil type Depth pH base saturation 
inches 
1105 \V ebs!er loam ............ ........... 0-6 7.4 98.0 
1202 Clyde .ilt loam .......... ............ 0·6 6.3 QI.6 
1191 Floyd .ilt loam ...................... 0·6 5.8 84.4 
1205 Shelhy loam .......... ........... 0·(, 5.2 59.7 
1190 Carrington loam ....... ....... , .... 0-6 4.8 50.5 
1189 Grundy silt loam ...... . . . . , . . . . . . . 0·6 5.0 60.0 
TABLE 5. COMPARISON OF THE AVAILABILITY OF THE PHOSPHORUS IN PHYTIN AND MONOCALCIUM PHOSPHATE TO OATS 
GROWN ON VARIOUS SOILS. 
-
Phosphorus absorbed per pot 
Ph~:%~~rus Yield Response I 
Reco\rery 
to added Incre3!:=e of ad,led 
Soil and treatment" per pot per pot phosphorus Total over control I phosphorus 
mgm. gro. percent mgm. mgm. I percent 
Webster loam: 
I soil alone (control) .................. 0.00 0.54 0.59 soil t Ca(H,PO." ................. 8.74** 1.21 t 124.0 1.98t 1. 39 15.9 soil phytin ...................... 8.74 O.6St 20.4 O.89t 0.30 3.4 
Clyde silt loam: 
I 
! I soil alone (control) .................. 0.00 0.68 0.77 
soil :+: Ca(H,PO.h ................. 8.74 l.24t 82.4 2.IH i lAO I 16 0 soil pbytin ...................... 8.74 0.86t 26.5 1.04t I 0.27 3.1 
Floyd 8H1 loam: 
I I 
soil alone (control) .................. 0.00 0.84 1.11 
soil :+: Ca(H,PO.), ................. 8.74 1.32t 57.2 2.51 t 1.40 \6.0 
s"il phytin ...................... 8.74 0.96t 14.3 1.2H O. !.3 1.5 
Shelby loam: i soil alone (control) .................. 0.00 0.54 0.38 
soil :+: Ca(H,PO.). ................. 8.74 1.11 t 105.4 1.33t I 0.95 11.0 soil phytin ...................... 8.74 0.54 0.0 0.42 0.04 O.S 
Carrington silt loam: 
I I I I 
soil alone (control) .................. 0.00 0.67 0.60 0: ii soil t Ca(H,PO,), ................. 8.74 1.03t 53.7 1.32t ~.J 
soil - phytin ...................... 8.U 0.70 4.5 0.6\ 0.01 O. ! 
---------- - - --- -
'In addition the soil in all pots received 100 p.p.m. of K.O as KCl and nitrogen as NH,NO. when needed. 
"Equivalent to 40 lbs. P.O. per 2 million lb •. of soiL 
tVnlue is significantly bigher at 5 percent level than value for soil alone. 
~ 
-l 
~ 
TABLE 6. COMPARISON OF THE AVAILABILITY OF THE PHOSPHORUS IN PHYTIN, PHYTIN DERIVATIVES AND MONOCALCIUM 
PHOSPHATE TO OATS GROWN ON VARIOUS SOILS. 
I 
Phosl,horus absorbed per pot 
Ph~frl~dru3 I 
Respon?-e 
I Yield to added Increase Soil and treatment';l per pot per pot phosphorus Total over control 
I mgm. I gm. percent I mgm. mgm. Carrington silt loam: ! 
soil alone (control) .................. , 000 : 1.01 67:3 j 1. 14 soil t Ca(H,PO.), ................. 3.74** I 1.69tt 2.43tt 1.29 
8. i4 I 1.07 ::.9 1. 14 0.00 soil i phytin ...................... I I soil - phytin...................... I 26.22t 1.01 0.0 I.H ; 0.00 soil phytin dcrivati\'cs ... ... , ..... 8.74 1.02 i 1.0 1.16 I 0.02 
Grund)' silt loam: 
I I 
soil alone (contro\) .................. 0.00 1.12 1.02 
soil t Cu(H,PO.h ................. 8.74 I. 85tt 65.0 2.50ft 1.48 
soil phytin ...................... 8.74 I.U I 0.9 1.08 0.06 
soil + ph)'tin ...................... 26.22 1.15 I 2 i 1.06 0.04 
soil + phytin derivatives .. .......... 8.74 1.15 , 2.7 1.04 0.02 
, 
I 
I 
Webster loam: 
,oil alone (control) .................. 0.00 1.3.l ii :~ 1.75 soil I Ca(H,PO.)' ................. 8.74 2.28ft 4.35tl 2.60 
soil phytin ...................... 8.74 IA5tt 9.3 2.55tt 0.80 
soil phytin ...................... 26.22 1.7Jtt I 30.5 3.62 tt 1.87 
soil phytin derh·atives ............ 8. i4 1.80tt i 35.3 3.88tt 2.13 
.-
°In addition the soil in all pots received 100 p.p.m. of K.O as KCl and nitrogen as NH.NO. when needed. 
··Equivalent to 40 lb •. P.O, per 2 million lbs. of soil. 
tEquivalent to 120 lb •. P.O, per 2 million lb •. of soil. 
ttYalne is significantly higher [It 5 pen'el1t l{,\peJ than value fol' !o=oil alone. 
-
Recovery 
of added 
phosphorus 
percent 
14.8 
0.0 
0.0 
0.2 
ii :0 
0.7 
0.2 
0.2 
i9:8 
I 
9.2 
7.1 
24.4 
--
e.o 
-'l 
-'l 
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both experiments the oats were harvested after 5 weeks of growth. 
After harvest, the oats were dried at a temperature of 70° C. The 
dried samples were weighed, ground and their phosphorus content 
determined. 
The effects of additions of phytin and monocalcium phosphate on 
yields and phosphorus absorption by oats grown on various soils 
were compared in the first greenhouse experiment. The data given 
in table 5 show that the addition of monocalcium phosphate resulted 
in large increases in yield and phosphorus absorption with all soils, 
whereas additions of phytin resulted in significant increases only 
with the Webster, Clyde and Floyd soils. These results show that 
very little additional phosphorus was absorbed by oats when 
phytin was added to the Carrington and Shelby soils. The amounts 
of added phytin phosphorus absorbed from the Webster, Clyde and 
Floyd soils were 21.6, 19.3 and 9.3 percent, respectively, of the 
amounts of added inorganic phosphorus absorbed. Differences in 
the availability of phosphorus added in the two forms to the variou~ 
soils are further brought out in the data on percentage recovery 01 
added phosphorus by the oats, the recovery of inorganic phosphorus 
ranging from 16.0 to 8.3 percent as compared with a recovery of 
only 3.4 to 0.1 percent with phytin phosphorus. The percentage 
recovery of both forms of phosphorus was higher in soils having 
a high degree of base saturation. The coefficient of correlation be-
tween percentage recovery and percentage base saturation was 0.96 
for inorganic phosphorus and 0.95 for phytin phosphorus. 
In a second greenhouse experiment the effect of additions of 
phytin derivatives as well as of phytin and monocalcium phosphate 
on oat yields and phosphorus absorption were compared using three 
soils. The data given in table 6 show that additions of monocalcium 
phosphate increased the yields and phosphorus absorption of oats 
on all soils, but equivalent additions of phosphorus as phytin and 
phytin derivatives increased yields and phosphorus absorption sig-
nificantly only in the case of the alkaline Webster soil. Where 
phytin was added at the higher rate, it was effective in increasing 
yields and phosphorus absorption only on the Webster soil. As 
shown by the data on percentage recovery of added phosphorus, 
phytin phosphorus was about one-fourth as available to oats as 
was soluble inorganic phosphorus when added to alkaline Webster 
soil but was practically unavailable when added to the other two 
acid soils. The phosphorus in phytin derivatives was nearly as avail-
able as phosphorus added as monocalcium phosphate to the Web-
ster soil, but in the two acid soils it was practically unavailable. 
FIXATION STUDIES 
Fixation of the various phosphates by the soils was determined 
by a modification of Heck's method (16). One gram of soil was 
placed in a SaO-TIl\' Erlenmeyer flask and 100 TIll. of the phosphate 
TABLE 7. COMPARISON OF THE FIXATION OF PHYTIN. PHYTIN DER. .' AND MONOCALCIUM PHOSPHATE BY SOILS 
AS DETERMINED BY A CHEML.~u . : ''lD. . ., 
Phosphoms extracted by 0.002 .Y H,SO. 
Recovery Fixation 
Phosphorus of added of added 
Soil tyne and treatment added Inorganir Total Organic phosphorus phosphorus 
Webster loam: 
p.p.m.':' p.p.m.':' p.p.m.* p.fJ.m.* p.p.m." percent 
soil alone (control) . ..... T ••••••••••• I 0 38 88 50 
7:0 50\1 ± Ca(l-!"PO,), ................. ! 200 2H 186 
,OIl phytm ....................... 200 42 122 80 30 85.0 
soLl I phyttn derivath'e .... .......... : 200 38 174 136 86 57.0 
f:lyrle silt loam: 
soil alone (controIL ................. 0 3~ 39 
sojl t Ca(l-!"PO,),. . . . . . . . ....... I 200 2U 180 10.0 
SOIl phytm ...................... i 200 3') 70 31 26 87.0 
soil phytin derivath .. e:;.. . ... I 200 31 112 81 76 62.0 
Floyd silt loam: 
soil alone (control) .............. a 30 39 9 
,oil -I- Ca(H,PO,j, .......... . . . . i 200 212 182 9.0 ~ 
soil i phytin ............... 
"'! 200 .H 67 3-1 25 87.5 soil phytin derivatiyeg ... .. 200 28 110 82 73 63.5 
Shelby loam: 
:-ioil alone ~ control) . .......... [} 6 12 6 
soil l Ca(lhPO,), .... 200 182 176 12 0 
wi! - phytin ............ 
"':::::1 200 10 21 11 5 97.5 suil -r- phytin derivative!=; .. 200 58 51 -15 77.5 
Carrington loam: I 
so!1 alone (control). . ... . . . . . ...... a 10 It 
SOIl t Ca(H,PO.h. . . . . . . . . . . .. . .. 200 146 136 n.o 
soil phytin .............. 200 11 22 11 7 96 . .1 
soil phytin derivative!'... . . . .. 1 200 12 50 38 3~ 83.0 
Gmndy silt loam: I 
soil alone (control) ................... 0 18 21 
so!1 i Ca(l-!"PO." ................. i 200 170 152 24.0 
soil - phytm ...................... 200 IS 3~ 16 13 93.5 
!'oH phytin derivatives ... ......... 1 200 19 50 .l! 28 86.0 
*Expressed on the soil basis. 
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solution containing 2 p.p.m. of phosphorus were added. The sus-
pension was then shaken on an end-over-end shaker for 30 minutes, 
rather than evaporated to dryness as recommended by Heck, since 
Dyer and Wrenshall (10) found that phytin added to soil hydrolyzed 
to some extent on drying with heat. One hundred ml. of 0.004 N 
sulfuric acid containing 6 gm. of -ammonium sulfate per liter were 
next added to the flask. The resulting extraction solution had a 
pH value of 3 and a composition corresponding to that used by 
Heck for extraction. The soil was then extracted by shaking the 
flask on the end-over-end shaker for 30 minutes, after which time 
the suspension was filtered and the total and inorganic phosphorus 
content of the filtrate determined. Soil that was treated as above 
except for the addition of water in place of the phosphate solution 
served as a control. 
The data on the fixation of phytin, phytin derivatives and inor-
ganic phosphorus by the various soils are given in table 7. The 
results show that phytin and phytin derivatives were fixed in soils 
to a much greater extent than was phosphorus added as monocalcium 
phosphate and that phytin was in turn' fixed to a greater extent 
than were phytin derivatives. The average percentage fixation of 
added inorganic phosphorus by the various soils was only 15.6 as 
compared with 92.4 and 74.9 percent for phytin and phytin deriva-
tives, respectively. 
DISCUSSION 
Although the availability of phytin and its derivatives when 
added to soils is much lower than that of soluble inorganic phos-
phate, the data obtained indicate that the soil conditions which 
influence the fixation and availability of the two forms are similar 
in at least some respects. When soluble inorganic phosphate is added 
to soils highly saturated with bases, the phosphate combines to a 
large extent with calcium and magnesium, whereas in acid soils it 
tends to enter into combinations with iron and aluminum which 
are less available (26). It is probable that the same relationships 
hold for phytin and its derivatives since phytin forms highly insol-
uble salts with ferric iron and aluminum and more soluble salts 
with calcium (36). This view is substantiated by the data given 
in tables 4 and 5 where it will be noted that the percentage recovery 
of both forms of phosphorus is directly related to the percentage 
base saturation of the various soils, a high percentage recovery 
being associated with a high percentage base saturation. The co-
efficient of correlation between percentage recovery of inorganic phos-
phorus and percentage base saturation was 0.96 whereas that be-
tween percentage recovery of phytin-phosphorus and percentage 
base saturation was 0.95. ' 
It is of interest to consider the amounts of organic phosphorus 
extracted from the untreated soils by 0.002 N H 2S04 (table 7). 
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Only small amounts of organic phosphorus (3-9 p.p.m.) were ex-
tracted from the acid soils whe~eas 50 p.p.m. were removed from 
the alkaline Webster soil. These data further support the view 
that more phytin tends to occur as the calcium salt in neutral and 
alkaline soil than in acid soils since calcium phytate is readily 
soluble in acid. The liming of acid soils should therefore tend to 
convert insoluble iron and aluminum phytates to the more soluble 
calcium phytate. 
Although Anderson (2) found that the triphosphate derivative 
of phytin does not form insoluble ferric iron and aluminum salts, 
this derivative as well as phytin is probably adsorbed by iron and 
aluminum compounds in the soil and thereby made unavailable. 
The availability of added phytin phosphorus in the soils studied 
was found to be closely related to fixation as determined by chem-
ical means. By comparing the data given in table 5 on percentage 
recovery of added phytin with the data on percentage phytin fixa-
tion by the various soils (table 6), it will be noted that recovery 
by plants and fixation are inversely related, the coefficient of 
correlation between the two sets of values being -0.92. More-
over, by comparing the percentage base saturation of the soils 
(table 4) with the data on percentage fixation it will be noted that 
these two sets of values are also related, a high percentage base 
saturation being associated with a low percentage fixation. 
In agreement with the data of previous workers (4, 9, 20), 
phytin phosphorus was found to have a very low availability in soils 
having a pH value below 6. Above pH 6 and especially around the 
neutral point, however, the availability of phytin and particularly 
its derivatives is probably sufficient to provide a significant part 
of the phosphorus required by crops. It should also be pointed 
out that many soils may contain as much as 100 p.p.m. of phos-
phorus in phytin form as compared with the much smaller amounts 
added in these experiments. If as much as 2-3 p.p.m. of phytin 
phosphorus becomes available during a growing season, it could 
supply an appreciable part of the crop requirement. 
THE DEPHOSPHORYLATION OF NUCLEIC 
ACID MATERIALS 
Several investigators (4, 9, 20) have shown that when nucleic 
acid is added to soils it is a readily available form of phosphorus. 
In general, these investigators found that the phosphorus in nucleic 
acid was nearly as available to plants as was an equivalent addition 
of soluble inorganic phosphorus. Other investigators have obtained 
data regarding the availability of nucleic acid phosphorus by study-
ing its dephosphorylation when added to soils. Pearson, et al. (25), 
found that yeast nucleic acid and its constituent nuc1eotides were 
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60-85 percent dephosphorylated within 60 days after additiun to 
Ames fine sandy loam. A major portion of the decomposition oc-
curred within 5 days. In an experiment with a slightly calcareous 
soil, Dyer and Wrenshall (10) found likewise that these materials 
were 60-80 percent dephosphorylated within a few weeks after 
addition. In an acid podzol, however, only about 10 percent of 
added nucleic acid was decomposed in 3 weeks. The data of Dyer 
and Wrenshall suggest that the rate of dephosphorylation of nucleic 
acid in soils is influenced by their pH value. Pearson, et al., found, 
however, that increasing the pH value of the Ames soil from 5.8 
to 7.2 by the addition of calcium hydroxide had only a slight effect 
on nucleic acid decomposition. 
EXPERIMENTAL 
DEPHOSPHORYLATION OF NUCLEIC ACID IN SOILS HAVING 
DIFFERENT pH VALUES 
In view of the fact that only a limited number of soils have been 
used in dephosphorylation studies with nucleic acid materials, an 
experiment was conducted in which nucleic acid was added to a 
number of soils having different pH values. 
Six 50-gm. samples of each soil were weighed into 100-ml. beakers. 
Five mgm. of phosphorus as nucleic acid were added to two 
samples of each soil. An equivalent amount of phosphorus as potas-
sium dihydrogen phosphate was added to similar samples of soil 
to check on inorganic phosphorus fixation, and the remaining 
samples served as controls. The phosphorus compounds were added 
in an amount of water sufficient to moisten the soil to about 50 
percent of the moisture-holding capacity. The control samples re-
ceived equivalent additions of water. All samples were incubated 
at 25 ± 2° C. and their moisture content was adjusted twice weekly 
by weighing. Dephosphorylation was determined by the increase 
in acid-soluble inorganic phosphorus upon incubation. At intervals 
of 7 and 30 days, portions of soil were removed from each beaker 
and air-dried. In extracting inorganic phosphorus 1-gm. samples 
of the dry soil were placed on funnels fitted with filter paper and 
were leached with ten 2-ml. portions of 1 N sulfuric acid. The 
leachates were made up to a volume of 100 mI., and inorganic 
phosphorus was determined on a suitable aliquot. 
In table 8 are indicated the soils used, their pH values, the 
amounts of inorganic phosphorus found, and the percentage dephos-
phorylation. The values given are the averages of duplicate deter-
minations that agreed closely. The data show that all the added 
inorganic phosphorus was recovered by the extractant after 30 
days. It is therefore evident that none of the phosphorus released 
by the nucleic acid was fixed in a form not soluble in the acid used, 
TABLE 8. DEPHOSPHORYLATION OF NUCLEIC ACID ADDED TO SOIL HAVING DIFFERENT pH VALUES. 
Inorganic pbospborus extracted Increase over control Did~~1~~7J!i~i~~i:f 
Soil and treatment Ph~~~~rus 7 days 30 days 7 days 30 days i days 30 days 
Carrington silt loam, pH 4.8: I p.p.m.* p.p.m.* p.p.m.* p.p.m.* p.p.m.* percent percent 
soil alone (con trol) ........................... 0 36 40 
soil +: nucleic acid . .......................... 100 87 90 51 50 51 .;0 
soil KH,PO ............................... 100 138 98 
Carrington silt loam, No. i09, pH 5.0: 
soil alone (con troll ........................... 0 42 47 
soil t nucleic acid . .......................... 100 98 104 56 57 56 51 
soil KH,PO ............................... 100 144 97 
Grundy silt loam, No. 606, pH 5.5: ~ 
soil alone (control) ........................... 0 90 93 ":7J 
soil t nucleic acid ..........•................ 100 1M 170 74 77 j.l 77 o:l 
soil KH,PO ............................... 100 192 99 
Clinton silt loam, No. i08, pH 6.0: I 
soil alone (con trol) ........................... 0 80 98 
soil + nucleic acid ........................... 100 156 175 i6 77 ,6 j7 
soil + KH,PO..... .. .. ..................... 100 200 102 
Grundy silt loam, No. 199-16, pH 6.0: I 
sail alone (control) ........................... 0 75 i8 
soil 4= nucleic acid . ........................ , . 100 HO 152 65 i4 65 74 
,ail KH,PO ............................... 100 177 99 
Webst .. clay loam, No. 2350, pH 7.5: I 
so!1 alone (c~ntr,!I) ........................... 0 205 2l! SO!'I n}lclclc acid ........................... 100 258 271 53 60 53 60 
soil -r Klr,PO ............................... 100 312 101 
• Expressed on the soil basis. 
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and consequently it may be assumed that the increase in acid-
soluble inorganic phosphorus was an accurate measure of dephos-
phorylation. 
The rate and extent of dephosphorylation of the nucleic acid in 
the various soils studied was not uniform. The highest rates were 
obtained with the Clinton soil (pH 6.0) and the Grundy soil, No. 
606 (pH 5.5), and the lowest rates were obtained with the two 
highly acid Carrington soils (pH 4.8 and 5.0). In the case of the 
Carrington soils no significant amounts of organic phosphorus were 
released after the first 7 days of incubation. The rates of dephos-
phorylation in the Grundy soil No. 199-16 (pH 6.5), and in the 
Webster soil (pH 7.5) were intermediate. These soils differed from 
the others, however, in that significant amounts of organic phos-
phorus were released after the first 7 days of incubation. A maximum 
of 75-80 percent dephosphorylation was obtained in soils having a 
pH value of 5.5 or higher, whereas in more acid soils only about 
half of the nucleic acid phosphorus was released. 
ADSORPTION OF NUCLEIC ACID MATERIALS BY KAOLIN AND 
BENTONITE CLAYS 
In view of the evidence that the dephosphorylation of added 
nucleic acid is less complete in highly acid soils, the adsorption of 
guanine nucleotide, nucleic acid and yeast nucleoprotein by ben-
tonite and. kaolin at various pH values was determined. These 
clays were used because they contained clay minerals commonly 
found in soils and could be readily obtained free of organic matter. 
In making adsorption tests 5 mI. of a solution or suspension ·of 
the nucleic acid material containing 1 mgm. of organic phosphorus 
were added to 5 mI. of a 1 percent suspension of the hydrogen-
saturated clay. The pH value was adjusted to the approximate 
point desired by the addition of dilute ammonium hydroxide solu-
tion. The suspensions were diluted to a volume of 15 mI., and a 
few drops of toluene were added as an antiseptic. After the samples 
had stood overnight, the pH values were determined. The suspen-
sions were then cleared by centrifuging, and the organic phosphorus 
content of the supernatant liquid was determined. The percentage 
adsorption was calculated from the difference between the organic 
phosphorus added and that found in the supernatant liquid. 
The percentage adsorption of nucleic acid and guanine nucleotide 
by bentonite and kaolin at various pH values is plotted in fig. 1. 
The suspension of nucleoprotein was completely precipitated by the 
clay over the entire pH range investigated (pH 2 to 7). These data 
were therefore not included. 
The adsorption curves in fig. 1 show that at a given pH value 
both nucleic acid and guanine nucleotide were adsorbed to a 
greater extent by bentonite than by kaolin. The adsorption of 
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b~ig. 1. Adsol'ption of nucleic ;lcid nn(i guanine nucleotide 1Iy I.:uolill and 
hcntonite at various pH values. 
nucleic acid and guanine nucleotide commenced at pH 6.5 and 5.6, 
respectively, with both clays. Adsorption of nucleic acid by ben-
tonite was complete at pH 4.5, whereas with kaolin only about 27 
percent adsorption occurred at this pH value. The data show also 
that guanine nucleotide was adsorbed to a lesser extent than was 
nucleic acid, the percentage adsorption at pH 4.5 being about 25 
and 8 for bentonite and kaolin, respectively. 
EF1<'ECT OF KAOLIN ANU BENTONITE CLAYS ON THE UEPHOS· 
PHORYLATION OF VARIOUS NUCLEIC ACID MATERIALS 
Since it was found that nucleic acid materials are adsorbed to 
varying degrees by acid clays, the dephosphorylation of the different 
materials in the presence and absence of the clays was studied. 
Five-ml. aliquots of solutions containing known amounts of organic 
phosphorus as guanine nucleotide, nucleic acid and nucleoprotein 
were added to test tubes. The amount of clay used was 5 ml. of 
a 1 percent suspension. Controls consisted of water, water + 
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TABLE 9. DEPHOSPHOR.YLATION OF NUCLEIC ACID MATERIALS BY 
PHOSPHATASE IN WHEAT BRAN EXTRACT IN THE PRESENCE 
OF KAOLIN AND BENTONITE CLAYS. 
I Inor!:anic phosphorus I Dephosphorylation found of added phosphorus Treatment Organic 
phosphorus ----~--I~~-I . I adder! 0 days I 2 days 4 days 2 days 4 days 
::a~~~~':leoti:~.~~.·~.~~ ~~TI2 II r;;g~6 - 'Rg~o ~g58i l"j~c~rt p~~ce~t 
Guanine nncleotide+ 
50 mgrr. bentonite.......... 0.372 0.126 '0.24-1 0.294 2.'.2 32.0 
Guanine nudeoti:le j-
50mgm. kaolin............. 0.372 0126 0363 0.432 455 (,1.6 
.---~-----------
Nucleic acid .................. 0.385 .0 126 0.525 0.613 66.8 91.3 
Nucleic aei,l + 
0.237 16.1 ;;0 mgm. bentonite ........... 0.385 0 126 0.212 16.1 
Nucleic acid + 
37.7 50 mgm. kaolin.. . ......... 0.185 0.126 0 .• 139 0.4.12 60.0 
----------.-----------
Nucleoprotein ................. 0.175 0.140 0 .. 150 0.350 .18.9 42 J 
Nucleoprotein -I-
0.194 50 mgm. bentonite ........... 0 li5 0.110 0 lor, 1.1 2.9 
NUcleoprotein -I-
50 mgrn. kaolin. . . . . . . . . . . - . 0.175 0 140 O.22U 0.239 ('.9 1.1.7 
-----"---------- --------
Control (water) ............... 
Control (water + 
00 0.121' 0268 0.262 
50 mrm. bentonite) .......... 0.0 0.126 0.150 0.175 
Contra (water + 
50 mgm. kaolin) ......... 0.0 0.126 0 IQ4 0.201 
-------------
bentonite and water + kaolin. The suspensions were adjusted to 
a pH value of 4.5 and a volume of 14 ml. A few drops o( tolue~e 
and a source of nuclease enzymes in the form of 1 ml. of a 1-10 
water extract of wheat bran were added to each tube. Each treat-
ment was replicated six times. Two replicates of each treatment 
were analyzed immediately for inorganic phosphorus. In deter-
mining inorganic phosphorus the contents of the tube were made 
alkaline to phenolphthalein by the addition of a drop or two of 
dilute ammonium hydroxide solution before removing an aliquot. 
This released any inorganic phosphorus fixed by the clay. The 
remaining four tubes of each treatment were incubated at 25° ± 2° 
C. Duplicate tubes were analyzed after 2 and 4 days of incubation, 
and dephosphorylation was calculated from the increase in inorganic 
phosphorus on incubation. 
In table 9 are given the amounts of organic phosphorus added, 
the amounts of inorganic phosphorus found after various intervals 
of incubation and the percentage dephosphorylation. The data 
show that the dephosphorylation of all the nucleic acid materials 
was decreased in the presence of the clays. The magnitude of 
the decrease was closely related to the extent to which the material 
was adsorbed by the clay at pH 4.5, as shown in fig. 1. Thus 
in the presence of the clays the dephosphorylation of nucleopro. 
tein was decreased more than was that of nucleic acid, and the de-
phosphorylation of nucleic acid was in turn reduced more than 
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was that of guanine nucleotide. Also in agreement with the adsorp-
tion data, bentonite had a greater depressive effect on dephos-
phorylation than did kaolin. In the case of bentonite, little addi-
tional dephosphorylation occurred after 2 days, whereas with kaolin, 
appreciable dephosphorylation took place after 2 days. 
The decreased dephosphorylation of the various nucleic acid 
materials in the presence of clay might be explained on the basis 
of adsorption of the enzyme contained in the bran extract as well 
as on the basis of adsorption of the nucleic acid material. To deter-
mine whether appreciable amounts of the enzyme are adsorbed 
by the clay, the dephosphorylation of nucleic acid by bentonite-
treated bran extract was compared with the dephosphorylation by 
untreated bran extract. To 10 ml. of a 1-10 water extract of bran 
in a centrifuge tube was added 0.1 gm. of the bentonite. The sus-
pension was allowed to stand for 1 hour with an occasional shaking, 
and was then cleared by centrifuging. Dephosphorylation of nucleic 
acid by the treated and untreated bran extract was determined as 
previously described. It was found that the bentonite treatment 
reduced the nuclease activity of the extract by only about 20 
percent. Since the reduction in dephosphorylation due to the pres-
ence of bentonite was much greater than 20 percent, it is evident 
that adsorption of the enzyme by the clay played only a minor role 
in reducing the dephosphorylation of the nucleic acid materials. 
DISCUSSION 
Several dephosphorylation experiments have shown that a major 
part of the phosphorus in nucleic acid is readily released to the 
inorganic form upon addition to soils. The complete dephosphoryla-
tion of nucleic acid when added to soils, however, has not been 
demonstrated, the maximum observed dephosphorylation being 75-80 
percent. In highly acid soils the percentage dephosphorylation may 
be 50 or less. 
Pearson, et al. (25), have shown that the incomplete dephos-
phorylation of nucleic acid when added to soils is due at least in 
part to the immobilization of a portion of the added phosphorus 
by the microbial population which develops at the expense of the 
nucleic acid carbon. The data obtained in the present investiga-
tion indicate that the adsorption of nucleic acid materials by clays 
may be another factor which stabilizes their decomposition and 
thus permits appreciable amounts to accumulate in soils. Adsorp-
tion and subsequent resistance to dephosphorylation was found to 
depend upon the nature of the nucleic acid material, the type of 
clay and the pH value of the system. The adsorption of the different 
nucleic acid materials was found to vary with their complexity of 
structure. Nucleoprotein, which has a very complex structure, 
was completely adsorbed over the pH range studied, whereas guanine 
nucleotide, which is a rather simple compound as compared with 
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nucleoprotein, was adsorbed to the least extent. Nucleic acid, 
which is formed by the union of four nucleotides, was adsorbed to 
an intermediate extent. 
The adsorption of these nucleic acid materials by the negatively 
charged clay is probably due at least in part to the presence of 
basic groups which give the materials a positive charge under 
acid conditions. The increased adsorption of guanine nucleotide 
and nucleic acid as the pH value was lowered is correlated with 
the fact that their basic properties become more pronounced as 
the acidity increases. The above viewpoint is substantiated by 
the work of Hendricks (18) and Ensminger and Gieseking (12) 
on the adsorption of nucleosines and proteins by clays. Hendricks 
found that guanine and adenine nucleosines (dephosphorylated 
guanine and adenine nucleotides) are adsorbed between the lattice 
layers of montmorillonite and showed that the adsorption of these 
large organic cations is due to cation exchange as well as van der 
\Vaal's forces. Ensminger and Gieseking have shown that a portion 
of the amino groups of various proteins reacts with clays under 
acid conditions, and that the hydrolysis of proteins is markedly 
reduced upon being adsorbed by bentonite, whereas adsorption 
by kaolin has little effect on protein hydrolysis. The ability of 
bentonite to adsorb larger amounts of nucleic acid materials than 
kaolin is probably due to differences in their crystal structure. 
THE MINERALIZATION OF THE ORGANIC 
PHOSPHORUS IN SOILS 
While considerable information has been obtained on the de· 
phosphorylation and availability of various organic phosphorus 
compounds when added to soils, little is known regarding the avail· 
ability of native soil organic phosphorus. The evidence that the 
organic phosphorus in soils is utilized by plants rests largely on 
studies of the changes in their total organic phosphorus contents 
upon cultivation. Schollenberger (30) determined the total and 
organic phosphorus contents of 12 virgin and adjacent cultivated 
surface soils in Ohio and found that the average percentage loss 
of these two fractions upon cultivation was about the same, amount· 
ing to 26·28 percent. Although it was subsequently shown that 
soil organic phosphorus is not completely extracted by the method 
used by Schollenberger (23), the data obtained no doubt have 
qualitative significance. 
In a similar study Pearson~ compared the organic and inorganic 
phosphorus contents of the 0 to 6·inch layers of 8 virgin Iowa soils 
with that of adjacent cropped soils. The average content of organic 
and inorganic phosphorus in the cropped soils was found to be 
192 and 182 p.p.m., respectively, as compared with averages of 
4P('ar~on. R. 'v. Unpnhlh:\t{lrl «nta, Iowa Agrir\1ltnrnl Experiment Rtntiol\. 
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275 and 237 p.p.m. for the respective fractions in the virgin soils. 
The average loss of organic phosphorus amounted to 83 p.p.m. as 
compared with an average inorganic phosphorus loss of 55 p.p.m. 
Although it has been shown that a considerable portion of the 
organic phosphorus in soils may disappear over long periods of time, 
the writer is aware of no studies in which an attempt was made to 
determine amounts of organic phosphorus mineralized in various 
soils over short periods of time. Such determinations might be 
valuable in evaluating the phosphorus status of soils. The trans-
formation of organic nitrogen to inorganic nitrogen is readily studied 
by determining the increase in nitrate-nitrogen content upon in-
cubation. In the case of organic phosphorus, however, the deter-
mination of the amounts of inorganic phosphorus released upon 
incubation is complicated by the fact that the amounts involved 
are small and by the fact that the mineralized phosphorus does 
not remain water-soluble. The purpose of this phase of the study 
was to investigate the possibility of determining the amounts of 
organic phosphorus released by various soils to inorganic form 
upon incubation. 
EXPERIMENTAL 
Since it was expected that temperature would have a marked 
effect upon the mineralization of soil organic phosphorus, an ex-
periment was conducted in which four of the soils used by Pearson 
were incubated at 25° and 35° C. Six I-gm. samples of each soil 
were weighed into small bottles and were mixed with 1 gm. of 
phosphorus-free sand. Sufficient water was added to wet the soil-sand 
mixture to about 50 percent of the moisture-holding capacity. Three 
samples of each soil were incubated at 25° C., and the remaining 
three samples were incubated at 35° C. To prevent excessive evap-
oration, the samples were incubated in covered pans containing a 
shallow layer of water. The moisture content of the soil was adjusted 
twice weekly by weighing the bottles. After 30 days of incubation 
the acid-soluble inorganic phosphorus content of the incubated 
samples was compared with that of non-incubated samples. In 
determining acid-soluble inorganic phosphorus the samples were 
transferred to funnels fitted with filter paper and were leached with 
10 2-ml. portions of 1 N sulfuric acid. Tests showed that only 
very faint traces of phosphorus were removed after the seventh 
or eighth leaching. The leachates were collected in 100-ml. volu-
metric flasks. The leachates were made up to volume, and inorganic 
phosphorus was determined in suitable aliquots. Considerable 
care was taken to insure that the conditions during the leaching 
and phosphorus determination were strictly comparable for the 
pairs of incubated and non-incubated soils. 
In table 10 are indicated the soils used, the inorganic phosphorus 
contents of the incubated and non-incubated samples and the in-
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TABLE 10. CHANGES IN THE ACID·SOLUBLE INORGANiC l'HOSPHORUS 
CONTENT OF SOILS UPON INCUBATION FOR 30 DAYS AT 25° and 35° C. 
Soil 
No. 
Acid-soluble inorganic phosphorus 
--I:c~~ation ~~I~bation .-t-35 0 ~~-
--------------------
Non- on incu- N on- . on im:u-
Soil type incubated Incubated bation incubated Incubated bation 
, Increase I Increase 
--1·--------1------------------
p.p.m. p.p.",. p.p.m. p·r·m. p.p.m. p.p.m. 
327 Grundy .ilt loam, cropped. 62 65 3 62 76 14 
328 Grundy gilt loam, virg;in ... 93 !30 37 93 162 69 
336 Marshall silt loam, cropped 129 131 2 129 142 13 
335 Marshall silt loam, virgm . 182 188 6 182 207 25 
crease due to incubation. The values given are the averages of 
triplicate determinations that agreed closely. Increases of more 
than 2-3 p.p.m. are probably significant. As would be expected if 
the increases in acid-soluble inorganic phosphorus were due to the 
mineralization of organic phosphorus, the increase upon incu-
bation at 35° C. was greater than at 25° C. At a given tem-
perature the increase was larger with the virgin than with the 
cropped soils. 
Since the above experiment indicated the feasibility of incuba-
tion experiments for studying the mineralization of soil organic 
phosphorus, further experiments were conducted with additional 
virgin and cropped pairs of soils. These included the eight pairs 
studied by Pearson. Two subsoils that were essentially free of 
organic phosphorus were included also, and an incubation tem-
perature of 35° C. was used. The experimental procedure was the 
same as that employed in the previous experiment. 
The changes in acid-soluble inorganic phosphorus upon incuba-
tion are shown in table 11. Except for the subsoils and a Webster 
cropped soil, the amounts of extractable phosphorus increased sig-
nificantly. In more than half of the virgin soils studied this increase 
amounted to over 30 p.p.m. Excluding the subsoils, the average 
increase for the cropped soils was 11 p.p.m. compared with an 
average increase of 38.7 p.p.m. for the virgin soils. No significant 
increases in acid-soluble inorganic phosphorus were obtained with 
the two subsoil samples. 
Where the increase in acid-soluble inorganic phosphorus is rela-
tively high, it can be demonstrated that the increase in inorganic 
phosphorus is accompanied by a corresponding decrease in organic 
phosphorus. Determinations made on soils 330 and 336 showed 
respective losses of 50 and 18 p.p.m. of organic phosphorus during 
the incubation period. These values compare favorably with those 
given in table 11. 
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TAllLE 11. CHANGES IN THE ACID-SOLUBLE INORGANIC PHOSPHORUS OF 
VIRGIN AND ADJACENT CROPPED SOILS UPON INCUBATION 
AT 35° C. for 30 DAYS. 
Acid-soluble inorganic phosphorus 
Cropped soils Virgin soils 
--01----------Non· Increase Non- Increase 
Soil incu- Ineu- on incu- incu- Incu- on incu-
No. Soil type* bated bated balion bated bated bation 
-------
3,15 
p.p.m. p.p.m. fI·p·m. p.pm. p.p.m. p.p.m. 
336 Marshall silt loam ........ 129 142 13 182 207 25 
.137 
• 1.18 Marshall silt loam ........ 137 155 18 122 154 32 
333 
334 Marshall silt loam ........ 121 135 14 127 136 9 
,139 
340 Webster loam ............ 123 138 15 116 176 60 
329 
3.10 
341 
Webster silty clay loam .•. 70 71 I 106 154 48 
342 Clarion loam ............. 53 62 9 124 162 .18 
343 
344 Clarion loam ............. 45 58 13 107 161 5~ 
322 
• 123 
325 
Fayette silt loam ......... 44 47 3 128 153 2'; 
326 
327 
Fayette silt loam ......... 101 lit 10 117 144 27 
328 Grundy silt loam ......... 62 76 14 93 162 69 
---------------P-5 Shelby loam (subsoil) ....• 87 88 1 ... ... ... 
P-52 Carrington silt loam 
(subsoil) ............... 19 19 0 "0 '" '" ~I---u.o ---------AVerage (subsoils excluded) 88.5 122.2 160.9 38.7 
* All excellt the subsoil samples "epresent the 0·6" layer; the subsoils represent the 
C horizon. 
DISCUSSION 
It has been shown that the amount of inorganic phosphorus 
which can be extracted by 1 N H2S04 from surface soils increases 
upon incubation. The data showing that similar increases are not 
obtained with subsoils together with the direct determinations of 
the organic phosphorus losses in the cases of soils 330 and 336 
indicate that the additional inorganic phosphorus found upon incu-
bation is due to the mineralization of a portion of the organic 
fraction. 
In the incubation experiments conducted, conditions were made 
favorable for the mineralization of organic phosphorus by the use 
of a relatively high temperature. Although the temperature of the 
surface layers of soils frequently reaches 35 0 C. under summer con-
ditions in Iowa, the mean temperature during the growing season 
is lower. The very high rate of organic phosphorus release ob-
tained in many of the soils studied would, therefore, not be expected 
to occur under field conditions. The release of only a few p.p.m. 
during the growing season, however, would furnish an appreciable 
part of that required by the crop. It is probable that incubation 
992 
experiments such as those used in the present investigation will 
serve to indicate the rate at which the organic phosphorus in 
various soils is mineralized. Such data would enhance our knowledge 
of the phosphorus status of various soils. 
GENERAL DISCUSSION 
Although knowledge of the organic phosphorus in soils is by no 
means complete, studies conducted in recent years permit certain 
generalizations regarding its nature and behavior in soils. Organic 
phosphorus tends to accumulate in soils during their process of 
development. Conditions such as a temperate moist climate and 
grass vegetation which favor organic matter accumulation likewise 
tend to favor organic phosphorus accumulation. A major part of 
the phosphorus absorbed by growing plants is built up into organic 
compounds within the plant. Upon the return of plant residues 
to the soil the organic phosphorus compounds are attacked by 
microorganisms. A portion of the organic phosphorus is released 
to inorganic form, some is resynthesized in the bodies of micro-
organisms which develop at the expense of the added carbon 
whereas a third fraction resists decomposition. The organic phos-
phorus in soils is therefore partly residual from phint materials and 
partly the result of microbial synthesis. 
The principal organic phosphorus compounds found in plants are 
phytin and nucleic acid, which usually occurs as a nucleoprotein. 
Phospholipids, such as lecithin, are found in smaller amounts. 
The two principal compounds found in plants together with their 
decomposition products appear to make up the bulk of soil organic 
phosphorus. This view is substantiated by the fact that phytin 
and its derivatives and the constituent parts of nucleic acids have 
been isolated from soil organic phosphorus preparations. It has also 
been shown that the organic phosphorus compounds in soils can 
he separated into two fractions on the basis of their ability to 
form an insoluble calcium salt under alkaline conditions. By the 
use of dephosphorylation tests with various enzymes and chemical 
reagents, evidence has been obtained which indicates that the frac-
tion precipitated by calcium consists essentially of phytin and 
its derivatives whereas the fraction which remains soluble con-
tains nucleic acid forms. Studies made on soils representative of 
the Prairie, Wiesenboden and Gray-Brown podzolic soil groups 
indicate that from one-half to three-fourths of the total organic 
phosphorus is present as phytin and its derivatives. 
The utilization of organic phosphorus by crops when soils are 
brought under cultivation is a question of great practical importance, 
especially when a large proportion' of the ·total soil phosphorus is 
present in organic form. The studies of Pearsonu and Schollenberger 
·Pant·son. R. W. Unpublistl~d datn. lown Agricutturnt t';"llcrhnent Stati ..... 
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(30), in which the total organic phosphorus content of cropped 
soils was compared with that of adjacent virgin soils, indicate that 
organic phosphorus is utilized by plants to as great an extent as 
is the inorganic fraction. The availability of the different organic 
phosphorus compounds present no doubt varies under various soil 
conditions. Several studies have been made on the dephosphoryla-
tion and availability of phytin and nucleic acid to plants in cul-
ture solutions and when added to soils. In culture solution phytin, 
nucleic' acid and nucleotides are readily utilized by plants (17, 28, 
35). Phytin is absorbed as such without undergoing dephosphoryla-
tion whereas nucleic acid materials are dephosphorylated by enzymes 
found on plant roots (28). It is therefore not known whether the 
latter are absorbed without undergoing dephosphorylation. Studies 
in which phytin and nucleic acid were added to soils show that 
the soil contains enzymes capable of dephosphorylating both com-
pounds, providing they are in solution (27). The mineralization 
and utilization of soil organic phosphorus is therefore dependent 
upon the compound becoming accessible to attack by enzymes. 
Considerable has been learned of the manner and conditions 
under which phytin, phytin derivatives and nucleic acid materials 
are stabilized against decomposition in soils. In the present inves-
tigations it was found that when a solution of phytin or its deriva-
tives is added to soils a major part of the organic phosphorus becomes 
fixed and cannot be extracted by acid at pH 3. Soils fix phytin 
to a much greater extent than soluble inorganic phosphorus; 
however, like inorganic phosphorus fixation, phytin is fixed to a 
greater extent in highly acid soils than in slightly acid or neutral 
soils. Phytin forms extremely insoluble ferric iron and aluminum 
salts and more soluble calcium and magnesium salts. In strongly 
acid soils it apparently combines with iron and aluminum or clay 
to such an extent that it is for all practical purposes unavailable to 
plants whereas in slightly acid and neutral soils more of the phytin 
tends to combine with calcium and magnesium in which form it may 
be one-fourth as available as added monocalcium phosphate. The 
liming of acid soils should therefore favor the utilization of phytin 
phosphorus by crops. 
Fixation of phytin derivatives by soils is not quite as great as 
with phytin, but in highly acid soils its availability to plants appears 
to be negligible. In neutral soils, however, it may be nearly as 
available as applied monocalcium phosphate. Phytin derivatives, 
such as inositol triphosphate, do not form insoluble ferric iron salts, 
but their fixation and unavailability can probably be explained on 
the basis of their being adsorbed by iron and aluminum compounds 
in the soil. 
A major part of the phosphorus in nucleic acid and various 
nucleotides is readily dephosphorylated when added to soils (10, 
25), hut complete dephosphorylation has never been demonstrated. 
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At least two factors may be responsible for the incomplete dephos-
phorylation of these materials. In the first instance a part of the 
phosphorus is resynthesized in the bodies of soil microorganisms 
which develop at the expense of the added carbon. Subsequent 
release of this organic phosphorus takes place only on the death 
of the microorganisms and is rather slow. 
Another factor which appears to stabilize nucleic acid mate-
rials against decomposition is their absorption by the clay fraction 
of soils. The data obtained in this investigation show that the 
dephosphorylation of nucleic acid materials in the presence of clay 
is markedly reduced. Nucleic acid materials are adsorbed and 
stabilized against dephosphorylation to the greatest extent in highly 
acid soils. This indicates that their adsorption takes place through 
the nitrogen bases and amino groups which impart a positive charge 
to the materials under acid conditions. In the present investigation 
it was found that yeast nucleoprotein was completely adsorbed by 
clay over the pH range 2-7 and that under such conditions its rate 
of dephosphorylation was very low. Owing to the fact that nucleic 
acid is readily dephosphorylated when added to soils its accumulation 
to any appreciable extent in soils has been questioned (10, 38). The 
fact, however, that nucleic acid occurs in plants as nucleoprotein to-
gether with the data showing that nUcleoprotein adsorbed on clay is 
dephosphorylated very slowly provide a possible explanation for 
the accumulation of nucleic acids in soils. 
In view of the information available on the rate at which phytin 
and nucleic acid materials are dephosphorylated in soils, it would 
appear that the latter is the more available fraction, except pos-
sibly in very slightly acid or neutral soils where the availability of 
phytin and especially its derivatives may be appreciable. Several 
investigators (4, 10, 38) have expressed the opinion that the 
organic phosphorus in soils is a relatively unavailable fraction. 
This conclusion seems untenable in view of the studies showing 
that the percentage loss of organic phosphorus upon cultivation is 
as great as, if not greater than, that of inorganic phosphorus. While 
it is true that only a very small percentage of the total soil organic 
phosphorus may be mineralized within a growing season, it must 
be recognized that the release of only a few pounds of phosphorus 
per acre would supply a large proportion of the phosphorus needed 
for crop production. Studies in which soils were incubated at 
35° C. for 30 days have demonstrated the release of soil organic 
phosphorus to inorganic form. In some cases over 50 p.p.m. were 
released by virgin soils whereas 1-18 p.p.m. were released by a 
group of cropped soils. 
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